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(57) ABSTRACT 

An apparatus for transderrnally delivering a biologically 
active agent to a patient comprising a microprojection 
member having a plurality of microprojections that are 
adapted to pierce the stratum comeum of the patient, the 
microprojection member having a biocompatible coating 
disposed thereon that includes a biologically active agent 
selected from the group consisting of peptide and protein 
conjugates. 
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DELIVERY OF POLYMER CONJUGATES OF 
THERAPEUTIC PEPTIDES AND PROTEINS VIA 

COATED MICROPROJECTIONS 

CROSS-REFERNCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US Provi 
sional Application No. 60/515,398, ?led Oct. 28, 2003. 

FIELD OF THE PRESENT INVENTION 

[0002] The present invention relates generally to transder 
mal agent or drug delivery systems and methods. More 
particularly, the invention relates to a percutaneous agent 
delivery method and apparatus for delivery of polymer 
conjugates of therapeutic peptides and proteins. 

BACKGROUND OF THE INVENTION 

[0003] Active agents (or drugs) are most conventionally 
administered either orally or by injection. Unfortunately, 
many agents are completely ineffective or have radically 
reduced ef?cacy When orally administered since they either 
are not absorbed or are adversely affected before entering the 
bloodstream and thus do not possess the desired activity. On 
the other hand, the direct injection of the agent into the 
bloodstream, While assuring no modi?cation of the agent 
during administration, is a dif?cult, inconvenient, and 
uncomfortable procedure Which sometimes results in poor 
patient compliance. 

[0004] Hence, in principle, transdermal delivery provides 
for a method of administering active agents that Would 
otherWise need to be delivered via hypodermic injection or 
intravenous infusion. Transdermal agent delivery offers 
improvements in both of these areas. Transdermal delivery, 
When compared to oral delivery, avoids the harsh environ 
ment of the digestive tract, bypasses gastrointestinal drug 
metabolism, reduces ?rst-pass effects, and avoids the pos 
sible deactivation by digestive and liver enZymes. 

[0005] The Word “transdermal” is used herein as a generic 
term referring to passage of an active agent across the skin 
layers. The Word “transdermal” refers to delivery of an agent 
(e.g., a therapeutic agent such as a drug or an immunologi 
cally active agent such as a vaccine) through the skin to the 
local tissue or systemic circulatory system Without substan 
tial cutting or penetration of the skin, such as cutting With a 
surgical knife or piercing the skin With a hypodermic needle. 
Transdermal agent delivery includes delivery via passive 
diffusion as Well as delivery based upon eXternal energy 
sources including electricity (e.g., iontophoresis) and ultra 
sound (e.g., phonophoresis). While active agents do diffuse 
across both the stratum comeum and the epidermis, the rate 
of diffusion through the stratum comeum is often the lim 
iting step. Many compounds, in order to achieve an effective 
dose, require higher delivery rates than can be achieved by 
simple passive transdermal diffusion. When compared to 
injections, transdermal agent delivery reduces or eliminates 
the associated pain and reduces the possibility of infection. 

[0006] Theoretically, the transdermal route of agent 
administration could be advantageous for the delivery of 
many therapeutic proteins, since proteins are susceptible to 
gastrointestinal degradation and exhibit poor gastrointestinal 
uptake and transdermal devices are more acceptable to 
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patients than injections. HoWever, the transdermal ?uX of 
medically useful peptides and proteins is often insuf?cient to 
be therapeutically effective due to the relatively large siZe/ 
molecular Weight of these molecules. Often the delivery rate 
or ?uX is insuf?cient to produce the desired effect or the 
agent is degraded prior to reaching the target site, for 
eXample, While in the patient’s bloodstream. 

[0007] As is Well knoWn in the art, transdermal agent 
delivery systems generally rely on passive diffusion to 
administer the drug While active transdermal agent delivery 
systems rely on an eXternal energy source, such as electric 
ity, heat and ultrasound, to deliver the agent. Passive trans 
dermal agent delivery systems, Which are more common, 
typically include a drug reservoir containing a high concen 
tration of active agent. The reservoir is adapted to contact the 
skin, Which enables the active agent to diffuse through the 
skin and into the body tissues or bloodstream of a patient. 

[0008] Transdermal agent ?uX is, in general, dependent 
upon the condition of the skin, the siZe and physical/ 
chemical properties of the active agent molecule, and the 
concentration gradient across the skin. Because of the loW 
permeability of the skin to many agents, transdermal deliv 
ery has had limited applications. This loW permeability is 
attributed primarily to the stratum corneum, the outermost 
skin layer, Which consists of ?at, dead cells ?lled With 
keratin ?bers (i.e., keratinocytes) surrounded by lipid bilay 
ers. This highly-ordered structure of the lipid bilayers con 
fers a relatively impermeable character to the stratum cor 
neum. 

[0009] One common method of enhancing the passive 
transdermal diffusional agent ?uX involves pre-treating the 
skin With, or co-delivering With the agent, a skin permeation 
enhancer. A permeation enhancer, When applied to a body 
surface through Which the agent is delivered, enhances the 
?uX of the agent therethrough. HoWever, the ef?cacy of 
these methods in enhancing transdermal protein ?uX has 
been limited, at least for the larger proteins, due to their siZe. 

[0010] A further method of enhancing transdermal agent 
?uX is through the use of active transport systems. As stated, 
active transport systems use an external energy source to 
assist and, in many instances, enhance agent ?uX through the 
stratum corneum. One such enhancement for transdermal 
agent delivery is referred to as “electrotransport.” This 
mechanism uses an electrical potential, Which results in the 
application of electric current to aid in the transport of the 
agent through a body surface, such as skin. 

[0011] There also have been many techniques and systems 
developed to mechanically penetrate or disrupt the outer 
most skin layers thereby creating pathWays into the skin in 
order to enhance the amount of agent being transdermally 
delivered. Early vaccination devices knoWn as scari?ers 
generally include a plurality of tines or needles that Were 
applied to the skin to and scratch or make small cuts in the 
area of application. The vaccine Was applied either topically 
on the skin, such as disclosed in US. Pat. No. 5,487,726, or 
as a Wetted liquid applied to the scari?er tines, such as 
disclosed in US. Pat. Nos. 4,453,926, 4,109,655, and 3,136, 
314. 

[0012] Scari?ers have been suggested for intradermal vac 
cine delivery, in part, because only very small amounts of 
the vaccine need to be delivered into the skin to be effective 
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in immunizing the patient. Further, the amount of vaccine 
delivered is not particularly critical since an excess amount 
also achieves satisfactory immuniZation. 

[0013] HoWever, a serious disadvantage in using a scari 
?er to deliver an active agent is the difficulty in determining 
the transdermal agent ?ux and the resulting dosage deliv 
ered. Also, due to the elastic, deforming and resilient nature 
of skin to de?ect and resist puncturing, the tiny piercing 
elements often do not uniformly penetrate the skin and/or 
are Wiped free of a liquid coating of an agent upon skin 
penetration. 
[0014] Additionally, due to the self healing process of the 
skin, the punctures or slits made in the skin tend to close up 
after removal of the piercing elements from the stratum 
corneum. Thus, the elastic nature of the skin acts to remove 
the active agent liquid coating that has been applied to the 
tiny piercing elements upon penetration of these elements 
into the skin. Furthermore, the tiny slits formed by the 
piercing elements heal quickly after removal of the device, 
thus limiting the passage of the liquid agent solution through 
the passageWays created by the piercing elements and in turn 
limiting the transdermal ?ux of such devices. 

[0015] Other systems and apparatus that employ tiny skin 
piercing elements to enhance transdermal drug delivery are 
disclosed in US. Pat. Nos. 5,879,326, 3,814,097, 5,279,54, 
5,250,023, 3,964,482, Reissue US. Pat. No. 25,637, and 
PCT Publication Nos. WO 96/37155, WO 96/37256, WO 
96/17648, WO 97/03718, WO 98/11937, WO 98/00193, 
WO 97/48440, WO 97/48441, WO 97/48442, WO 
98/00193, WO 99/64580, WO 98/28037, WO 98/29298, and 
WO 98/29365; all incorporated by reference in their entirety. 

[0016] The disclosed systems and apparatus employ pierc 
ing elements of various shapes and siZes to pierce the 
outermost layer (i.e., the stratum corneum) of the skin. The 
piercing elements disclosed in these references generally 
extend perpendicularly from a thin, ?at member, such as a 
pad or sheet. The piercing elements in some of these devices 
are extremely small, some having a microprojection length 
of only about 25-400 microns and a microprojection thick 
ness of only about 5-50 microns. These tiny piercing/cutting 
elements make correspondingly small microslits/microcuts 
in the stratum corneum for enhancing transdermal agent 
delivery therethrough. 
[0017] The disclosed transdermal delivery systems further 
typically include a reservoir for holding the active agent and 
a delivery system to transfer the agent from the reservoir 
through the stratum corneum, such as by holloW tines of the 
device itself. One example of such a device is disclosed in 
PCT Pub. No. WO 93/17754, Which has a liquid agent 
reservoir. The reservoir must, hoWever, be pressuriZed to 
force the liquid agent through the tiny tubular elements and 
into the skin. Disadvantages of such devices include the 
added complication and expense for adding a pressuriZable 
liquid reservoir and complications due to the presence of a 
pressure-driven delivery system. 
[0018] As disclosed in US. patent application Ser. No. 
10/045,842, Which is fully incorporated by reference herein, 
it is also possible to have the active agent to be delivered 
coated on the microprojections instead of contained in a 
physical reservoir. This eliminates the necessity of a separate 
physical reservoir and developing an agent formulation or 
composition speci?cally for the reservoir. 

May 19, 2005 

[0019] There are, hoWever, several draWbacks and disad 
vantages associated With coated microprojection systems. 
As is knoW in the art, coated microprojection systems are 
generally limited in the amount of drug that can be coated 
and delivered, and depending on the siZe of the device and 
number of microprojections is typically limited to delivery 
of a feW hundred micrograms of an active agent. There are 
additional draWbacks associated With coating microprojec 
tions (or arrays thereof) With several classes of active agents 
and formulations thereof, such as peptide and protein for 
mulations. 

[0020] As is knoWn in the art, in order to efficiently coat 
the microprojection arrays, one must be able to prepare a 
stable, often highly concentrated, and sufficiently viscous 
solution of the polypeptide. For most polypeptides, these 
types of solutions are very difficult to achieve. Many 
polypeptides have limited solubility, or tend to precipitate 
from the solutions at pH values close to their pI or near 
physiological pH. 
[0021] Typically, in order to increase viscosity or When 
high doses are required, the polypeptide concentration is 
increased and/or often, various additives, such as sugars and 
starches, are employed as viscosity enhancers as Well as to 
retain stability of the polypeptide during coating and drying,. 
HoWever, substantial amounts of sugars typically need to be 
added or the polypeptide concentration has to be high to 
substantially increase viscosity of an aqueous solution. 
Sugars also tend to dilute the peptide compared to the 
percent solids in the coating. 

[0022] Therefore, in some instances, starches are 
employed. HoWever, starches have the disadvantages that 
most starches are not approved for parental applications, are 
difficult to obtain in pure form and can adversely affect the 
stability of the polypeptide. 

[0023] A high therapeutic dose of the polypeptide requires 
often unusually high concentrations of the polypeptide coat 
ing solution With a minimal content of excipients such as 
stabiliZers and viscosity enhancers in order to reach a high 
percent of solid drug in the coating (see also 0021 above). 
Especially for high protein concentrations, and also When 
the polypeptide solution is exposed to shear and air-Water 
interfaces during the coating process, both covalent and 
non-covalent aggregation and thus increased viscosity and 
precipitation often occur When preparing the polypeptide 
and/or protein coating solutions as Well as during the coating 
process. HoWever, it has been found that attachment of a 
Water-soluble, biocompatible polymer, such as PEG, to 
proteins and peptides typically results in improved solubil 
ity, improved physical and chemical stability, loWer aggre 
gation tendency and enhanced flow characteristics (e.g., 
viscosity). Furthermore, PEG-proteins usually possess 
reduced immunogenicity, a very important attribute for a 
therapeutic protein formulation. The properties and applica 
tions of PEG-proteins Were revieWed in J M Harris & S. 
Zalipsky (1997) Poly(ethylene glycol) chemistry and Bio 
logical Applications, ACS symposium Series 680, Washing 
ton, D. C. 

[0024] Additionally, during and after the application of a 
microprojection array or patch, the coated polypeptides can, 
and in many instances Will, undergo proteolytic degradation 
in the skin even before reaching the systemic circulation. It 
is believed that the proteolytic degradation is caused, in 
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signi?cant part, due to the presence of proteolytic enzymes 
produced by the skin cells. However, as discussed in detail 
herein, attachment of polymers to the polypeptides, such as 
PEG, Will enhance the resistance to proteolysis. Further, it 
can be conceived that due to the improved solubility of the 
PEG attached polypeptide, solubility in the skin is improved 
and occurs more rapidly. 

[0025] It is therefore an object of the present invention to 
provide a transdermal agent delivery apparatus and method 
that substantially reduces or eliminates the aforementioned 
draWbacks and disadvantages associated With prior art agent 
delivery systems. 

[0026] It is another object of the present invention to 
provide a transdermal agent delivery apparatus and method 
for the delivery of polymer conjugates of therapeutic pep 
tides and proteins. 

[0027] It is another object of the present invention to 
provide a transdermal agent delivery apparatus having a 
coated microprojection array that delivers polymer conju 
gates of therapeutic peptides and proteins at an effective rate. 

[0028] It is another object of the present invention to 
provide a transdermal agent delivery apparatus and method 
having an eXtended drug delivery pro?le. 

SUMMARY OF THE INVENTION 

[0029] In accordance With the above objects and those that 
Will be mentioned and Will become apparent beloW, the 
apparatus for transdermally delivering a biologically active 
agent to a patient in accordance With this invention com 
prises a microprojection member having a plurality of 
microprojections that are adapted to pierce the stratum 
comeum of the patient, the microprojection member having 
a biocompatible coating having at least one biologically 
active agent disposed thereon, the biologically active agent 
being selected from the group consisting of peptide and 
protein conjugates. 

[0030] Preferably, the peptide and protein conjugates With 
polymers are derived from the folloWing biocompatible 
Water-soluble polymers: polyethyleneglycol, polyvinylpyr 
rolidone, polyvinylmethylether, polymethyloXaZoline, poly 
ethyloXaZoline, polyhydroXypropyloXaZoline, polyhydroX 
ypropyl-methacrylamide, polymethacrylamide, 
polydimethyl-acrylamide, polyhydroXypropylmethacrylate, 
polyhydroXyethylacrylate, hydroXymethylcellulose, 
hydroXyethylcellulose, polyethyleneglycol, polyasparta 
mide, copolymers thereof, and polyethyleneoXide-polypro 
pylene oxide. 

[0031] Preferably, each of the microprojections has a 
length of less than 1000 microns, more preferably, less than 
300 microns, even more preferably, less than 250 microns. 

[0032] In a further embodiment of the invention, the 
biocompatible coating includes a vasoconstrictor. Prefer 
ably, the vasoconstrictor is selected from the group consist 
ing of amidephrine, cafaminol, cyclopentamine, deoXyepi 
nephrine, epinephrine, felypressin, indanaZoline, metiZoline, 
midodrine, naphaZoline, nordefrin, octodrine, ornipressin, 
oXymethaZoline, phenylephrine, phenylethanolamine, phe 
nylpropanolamine, propylheXedrine, pseudoephedrine, tet 
rahydroZoline, tramaZoline, tuaminoheptane, tymaZoline, 
vasopressin and XylometaZoline. 
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[0033] The thickness of biocompatible coating disposed 
on the microprojections is preferably less than 50 microns. 
In one embodiment of the invention, the coating thickness is 
less than 25 microns. 

[0034] The biocompatible coating provides a biologically 
effective amount of the biologically active agent or its 
polymer conjugate and, if employed, a biologically effective 
amount of the vasoconstrictor. The coating is further dried 
onto the microprojections using drying methods knoWn in 
the art. 

[0035] The biocompatible coating can be applied to and 
dried on the microprojections using knoWn coating methods. 
For eXample, the microprojections can be immersed or 
partially immersed into an aqueous coating solution. Alter 
natively, the coating solution can be sprayed onto the 
microprojections. Preferably, the spray has a droplet siZe of 
about 10-200 picoliters. More preferably, the droplet siZe 
and placement is precisely controlled using printing tech 
niques so that the coating solution is deposited directly onto 
the microprojections and not onto other “non-piercing” 
portions of the member having the microprojections. 

[0036] The method for transdermally delivering a biologi 
cally active agent to a patient, in accordance With one 

embodiment of the invention, comprises the steps of providing a microprojection member having a plurality of 

microprojections that are adapted to pierce the stratum 
comeum of the patient, (ii) coating the microprojection 
member With a biocompatible coating having at least one 
biologically active agent, the biologically active agent being 
selected from the group consisting of peptide and protein 
conjugates and (iii) applying the microprojection member to 
the skin of the patient, Whereby the microprojection mem 
bers pierce the stratum corneum of the patient and deliver 
the biologically active agent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] Further features and advantages Will become 
apparent from the folloWing and more particular description 
of the preferred embodiments of the invention, as illustrated 
in the accompanying draWings, and in Which like referenced 
characters generally refer to the same parts or elements 
throughout the vieWs, and in Which: 

[0038] FIG. 1 is a perspective vieW of a portion of one 
eXample of a microprojection array; 

[0039] FIG. 2 is a perspective vieW of the microproj ection 
array shoWn in FIG. 1 having a coating deposited on the 
microprojections, according to the invention; 

[0040] FIG. 2A is a cross-sectional vieW of a single 
microprojection taken along line 2A-2A in FIG. 2, accord 
ing to the invention; 

[0041] FIG. 3 is a plane vieW of a skin proximal side of 
a microprojection array, illustrating the division of the array 
into various drug delivery segments, according to the inven 
tion; 
[0042] FIG. 4 is a side sectional vieW of a further embodi 
ment of a microprojection array having different coatings 
applied to different microprojections, according to the 
invention; 
[0043] FIG. 5 is a side sectional vieW of a microproj ection 
array having an adhesive backing; 
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[0044] FIG. 6 is a side sectional vieW of a retainer having 
a microprojection member disposed therein; and 

[0045] FIG. 7 is a perspective vieW of the retainer shoWn 
in FIG. 7. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0046] Before describing the present invention in detail, it 
is to be understood that this invention is not limited to 
particularly exempli?ed materials, methods or structures as 
such may, of course, vary. Thus, although a number of 
materials and methods similar or equivalent to those 
described herein can be used in the practice of the present 
invention, the preferred materials and methods are described 
herein. 

[0047] It is also to be understood that the terminology used 
herein is for the purpose of describing particular embodi 
ments of the invention only and is not intended to be 
limiting. 
[0048] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one having ordinary skill in the art to Which 
the invention pertains. 

[0049] Further, all publications, patents and patent appli 
cations cited herein, Whether supra or infra, are hereby 
incorporated by reference in their entirety. 

[0050] Finally, as used in this speci?cation and the 
appended claims, the singular forms “a, “an” and “the” 
include plural referents unless the content clearly dictates 
otherWise. Thus, for eXample, reference to “an active agent” 
includes tWo or more such agents; reference to “a micro 
projection” includes tWo or more such microprojections and 
the like. 

De?nitions 

[0051] The term “transdermal”, as used herein, means the 
delivery of an agent into and/or through the skin for local or 
systemic therapy. 

[0052] The term “transdermal ?ux”, as used herein, means 
the rate of transdermal delivery. 

[0053] The term “co-delivering”, as used herein, means 
that a supplemental agent(s) is administered transdermally 
either before the agent is delivered, before and substantially 
concurrent With transdermal ?uX of the agent, during trans 
dermal ?uX of the agent, during and after transdermal ?uX of 
the agent, and/or after transdermal ?uX of the agent. Addi 
tionally, tWo or more biologically active agents may be 
coated onto the microprojections resulting in co-delivery of 
the biologically active agents. 

[0054] The term “biologically active agent”, as used 
herein, refers to a composition of matter or miXture con 
taining a drug Which is pharmacologically effective When 
administered in a therapeutically effective amount. 
EXamples of such active agents include, Without limitation, 
polymer conjugates of therapeutic peptides or proteins, 
Preferred polymers conjugated to the polypeptide include 
polyethyleneglycol, polyvinylpyrrolidone, polyvinylmeth 
ylether, polymethyloXaZoline, polyethyloXaZoline, polyhy 
droXypropyloXaZoline, polyhydroXypropyl-methacryla 
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mide, polymethacrylamide, polydimethyl-acrylamide, 
polyhydroXypropylmethacrylate, polyhydroXyethylacrylate, 
hydroXymethylcellulose, hydroXyethylcellulose, polyethyl 
eneglycol, polyaspartamide, copolymers thereof, and poly 
ethyleneoXide-polypropylene oxide. 

[0055] It is to be understood that more than one biologi 
cally active agent may be incorporated into the coatings of 
this invention and that the use of the term “active agent” in 
no Way eXcludes the use of tWo or more such active agents. 

[0056] The term “biologically effective amount” or “bio 
logically effective rate” shall be used When the biologically 
active agent is a pharmaceutically active agent and refers to 
the amount or rate of the pharmacologically active agent 
needed to effect the desired therapeutic, often bene?cial, 
result. The amount of active agent employed in the coatings 
of the invention Will be that amount necessary to deliver a 
therapeutically effective amount of the active agent to 
achieve the desired therapeutic result. In practice, this Will 
vary Widely depending upon the particular pharmacologi 
cally active agent being delivered, the site of delivery, the 
severity of the condition being treated, the desired thera 
peutic effect and the dissolution and release kinetics for 
delivery of the agent from the coating into skin tissues. 

[0057] The term “biologically effective amount” or “bio 
logically effective rate” shall also be used When the biologi 
cally active agent is an immunologically active agent and 
refers to the amount or rate of the immunologically active 
agent needed to stimulate or initiate the desired immuno 
logic, often bene?cial result. The amount of the immuno 
logically active agent employed in the coatings of the 
invention Will be that amount necessary to deliver an amount 
of the active agent needed to achieve the desired immuno 
logical result. In practice, this Will vary Widely depending 
upon the particular immunologically active agent being 
delivered, the site of delivery, and the dissolution and release 
kinetics for delivery of the active agent into skin tissues. 

[0058] The terms “microprojections” and “microprotru 
sions”, as used herein, refer to piercing elements that are 
adapted to pierce or cut through the stratum comeum into the 
underlying epidermis layer, or epidermis and dermis layers, 
of the skin of a living animal, particularly a mammal and 
more particularly a human. 

[0059] In one embodiment of the invention, the micro 
projections have a projection length less than 1000 microns. 
In a further embodiment, the microprojections have a pro 
jection length of less than 300 microns, more preferably, less 
than 250 microns. The microprojections typically have a 
Width and thickness of about 5 to 50 microns. The micro 
projections may be formed in different shapes, such as 
needles, holloW needles, blades, pins, punches, and combi 
nations thereof. 

[0060] The term “microprojection array”, as used herein, 
refers to a plurality of microprojections arranged in an array 
for piercing the stratum corneum. The microprojection array 
may be formed by etching or punching a plurality of 
microprojections from a thin sheet and folding or bending 
the microprojections out of the plane of the sheet to form a 
con?guration, such as that shoWn in FIG. 1. The micro 
projection array may also be formed in other knoWn man 
ners, such as by forming one or more strips having micro 
projections along an edge of each of the strip(s) as disclosed 
in US. Pat. No. 6,050,988. 
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[0061] References to the area of the sheet or member and 
reference to some property per area of the sheet or member 
are referring to the area bounded by the outer circumference 
or border of the sheet. 

[0062] The term “solution” shall include not only compo 
sitions of fully dissolved components but also suspensions 
of components including, but not limited to, protein virus 
particles, inactive viruses, and split-virions. 

[0063] The term “pattern coating”, as used herein, refers to 
coating an active agent onto selected areas of the micro 
projections. More than one biologically active agent can be 
pattern coated onto a single microprojection array. Pattern 
coatings can be applied to the microprojections using knoWn 
micro-?uid dispensing techniques such as micropipeting and 
ink jet coating. 

[0064] As indicated above, the present invention com 
prises an apparatus and system for extended transdermal 
delivery of biologically active agents, particularly, polymer 
conjugates of therapeutic peptides and proteins. The system 
generally includes a microprojection member having a 
microproj ection array comprising a plurality of microproj ec 
tions that are adapted to pierce through the stratum corneum 
into the underlying epidermis layer, or epidermis and dermis 
layers. 

[0065] Preferably, the microprojections have a coating 
thereon that contains at least one biologically active agent. 
Upon piercing the stratum corneum layer of the skin, the 
agent-containing coating is dissolved by body ?uid (intra 
cellular ?uids and extracellular ?uids such as interstitial 
?uid) and released into the skin for local or systemic therapy. 

[0066] According to the invention, the kinetics of the 
coating dissolution and release Will depend on many factors 
including the nature of the biologically active agent, the 
coating process, the coating thickness and the coating com 
position (e.g., the presence of coating formulation addi 
tives). Depending on the release kinetics pro?le, it may be 
necessary to maintain the coated microprojections in pierc 
ing relation With the skin for eXtended periods of time (e.g., 
up to about 8 hours). This can be accomplished by anchoring 
the microprojection member to the skin using adhesives or 
by using anchored microprojections, such as described in 
WO 97/48440, Which is incorporated by reference herein in 
its entirety. 

[0067] Referring noW to FIG. 1, there is shoWn one 
embodiment of a microprojection member 5 for use With the 
present invention. As illustrated in FIG. 1, the microprojec 
tion member 5 includes a microprojection array 7 having a 
plurality of microprojections 10. The microprojections 10 
preferably eXtend at substantially a 90° angle from the sheet 
12, Which includes openings 14. 

[0068] According to the invention, the sheet 12 may be 
incorporated into a delivery patch, including a backing 15 
for the sheet 12, and may additionally include adhesive for 
adhering the patch to the skin (see FIG. 5). In this embodi 
ment, the microprojections 10 are formed by etching or 
punching a plurality of microprojections 10 from a thin 
metal sheet 12 and bending the microprojections 10 out of 
the plane of the sheet 12. 

[0069] The microprojection member 5 can be manufac 
tured from various metals, such as stainless steel, titanium, 
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nickel titanium alloys, or similar biocompatible materials, 
such as polymeric materials. Preferably, the microproj ection 
member 5 is manufactured out of titanium. 

[0070] Microproj ection members that can be employed 
With the present invention include, but are not limited to, the 
members disclosed in Us. Pat. Nos. 6,083,196, 6,050,988 
and 6,091,975, Which are incorporated by reference herein in 
their entirety. 

[0071] Other microprojection members that can be 
employed With the present invention include members 
formed by etching silicon using silicon chip etching tech 
niques or by molding plastic using etched micro-molds, such 
as the members disclosed US. Pat. No. 5,879,326, Which is 
incorporated by reference herein in its entirety. 

[0072] Referring noW to FIG. 2, there is shoWn the 
microprojection member 5 having microprojections 10 that 
include an agent-containing, biocompatible coating 16. 
According to the invention, the coating 16 can partially or 
completely cover each microprojection 10. For eXample, the 
coating 16 can be in a dry pattern coating on the micro 
projections 10. The coating 16 can also be applied before or 
after the microprojections 10 are formed. 

[0073] According to the invention, the coating 16 can be 
applied to the microprojections 10 by a variety of knoWn 
methods. Preferably, the coating is only applied to those 
portions the microprojection member 5 or microprojections 
10 that pierce the skin (e.g., tips 18). 

[0074] One such coating method comprises dip-coating. 
Dip-coating can be described as a means to coat the micro 
projections by partially or totally immersing the micro 
projections 10 into a coating solution. By use of a partial 
immersion technique, it is possible to limit the coating 16 to 
only the tips 18 of the microprojections 10. 

[0075] A further coating method comprises roller coating, 
Which employs a roller coating mechanism that similarly 
limits the coating 16 to the tips 18 of the microprojections 
10. The roller coating method is disclosed in US. applica 
tion Ser. No. 10/099,604, Which is incorporated by reference 
herein in its entirety. 

[0076] As discussed in detail in the noted application, the 
disclosed roller coating method provides a smooth coating 
that is not easily dislodged from the microprojections 10 
during skin piercing. The smooth cross-section of the micro 
projection tip coating is Further illustrated in FIG. 2A. 

[0077] According to the invention, the microprojections 
10 can further include means adapted to receive and/or 
enhance the volume of the coating 16, such as apertures (not 
shoWn), grooves (not shoWn), surface irregularities (not 
shoWn) or similar modi?cations, Wherein the means pro 
vides increased surface area upon Which a greater amount of 
coating can be deposited. 

[0078] Another coating method that can be employed 
Within the scope of the present invention comprises spray 
coating. According to the invention, spray coating can 
encompass formation of an aerosol suspension of the coating 
composition. In a preferred embodiment, an aerosol suspen 
sion having a droplet siZe of about 10 to 200 picoliters is 
sprayed onto the microprojections 10 and then dried. 

[0079] Referring noW to FIG. 3, in a further embodiment 
of the invention, a different coating is applied to different 
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segments of the microprojection member 5, designated 
20-26. As Will be appreciated by one having ordinary skill 
in the art, the noted arrangement allows a single micro 
projection array 7 to be employed to delivery more than one 
biologically active agent during use. 

[0080] Referring noW to FIG. 4, in another embodiment, 
a very small quantity of the coating solution is deposited 
onto the microprojections 10 via pattern coating. As illus 
trated in FIG. 4, each of the microprojections 10 can further 
be coated With a different biocompatible coating (designated 
generally 30-36). 

[0081] The pattern coating can be applied using a dispens 
ing system for positioning the deposited liquid onto the 
microproj ection surface. The quantity of the deposited liquid 
is preferably in the range of 0.1 to 20 nanoliters/micro 
projection. Examples of suitable precision-metered liquid 
dispensers are disclosed in US. Pat. Nos. 5,916,524; 5,743, 
960; 5,741,554; and 5,738,728; Which are fully incorporated 
by reference herein. 

[0082] Microprojection coating solutions can also be 
applied using ink jet technology using knoWn solenoid valve 
dispensers, optional ?uid motive means and positioning 
means Which is generally controlled by use of an electric 
?eld. Other liquid dispensing technology from the printing 
industry or similar liquid dispensing technology knoWn in 
the art can be used for applying the pattern coating of this 
invention. 

[0083] In one embodiment of the invention, the coating 
solution formulations applied to the microprojection mem 
ber to form solid coatings comprise liquid compositions (or 
coating solutions) having a biocompatible carrier and at least 
one biologically active agent. The biocompatible carrier can 
include, Without limitation, human albumin, polyglutamic 
acid, polyaspartic acid, polyhistidine, pentosan polysulfate 
and polyamino acids. According to the invention, the active 
agent can be dissolved Within the biocompatible carrier or 
suspended Within the carrier. 

[0084] The concentration of the biologically active agent 
in the coating solution is preferably less than approximately 
40 Wt. %, more preferably, in the range of approximately 
2-20 Wt. %. 

[0085] According to the invention, the concentration of 
the biologically active agent in the solid coating(s) can be up 
to approximately 95 Wt. %. In one embodiment, the con 
centration of the biologically active agent in the solid 
coating(s) is thus in the range of approximately 5-80 Wt. %. 

[0086] Preferably, the coating solution has a viscosity less 
than approximately 500 centipoise and greater than 3 cen 
tipoise in order to effectively coat each microprojection 10. 
More preferably, the coating solution has a viscosity in the 
range of approximately 10-100 centipoise. 

[0087] According to the invention, the desired coating 
thickness is dependent upon the density of the microprojec 
tions per unit area of the sheet and the viscosity and 
concentration of the coating composition as Well as the 
coating method chosen. Also, the coating thickness is lim 
ited as for it not to hinder penetration or piercing through the 
skin. Preferably, the coating thickness is less than 50 
microns, more preferably, less than 25 microns. 
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[0088] In one embodiment, the coating thickness is less 
than 50 microns, more preferably, less than 10 microns as 
measured from the microprojection surface. Even more 
preferably, the coating thickness is in the range of approxi 
mately 1 to 10 microns. 

[0089] According to the invention, the total amount of the 
biologically active agent coated on the microprojections of 
a microprojection array can be in the range of 1 microgram 
to 1 milligram. Amounts Within this range can be coated 
onto a microprojection array of the type shoWn in FIG. 1 
having an area of up to 10 cm2 and a microproj ection density 
of up to 2000 microprojections per cm2. 

[0090] In one embodiment of the invention, the amount of 
biologically active agent delivered to a patient from a 1 cm2 
microprojection array is in the range of approximately 5-75 
ug 

[0091] As indicated above, the coatings of the invention 
comprise at least one biologically active agent. Preferably, 
the biologically active agent comprises a polymer conjugate 
of therapeutic peptides and proteins. More preferably, the 
biologically active agent is conjugated With at least one of 
the folloWing biocompatible polymers: polyethyleneglycol, 
polyvinylpyrrolidone, polyvinylmethylether, polymethylox 
aZoline, polyethyloxaZoline, polyhydroxypropyloxaZoline, 
polyhydroxypropyl-methacrylamide, polymethacrylamide, 
polydimethyl-acrylamide, polyhydroxypropylmethacrylate, 
polyhydroxyethylacrylate, hydroxymethylcellulose, 
hydroxyethylcellulose, polyethyleneglycol, polyasparta 
mide, copolymers thereof, and polyethyleneoxide-polypro 
pylene oxide. 

[0092] Applicants have found that the use of PEGylated 
proteins instead of unmodi?ed, native, proteins provides 
many advantages, including extension of activity dura 
tion in vivo, (ii) reduction of immunogencity and antigenic 
ity, (iii) reduction in aggregate formation, (iv) increased 
resistance to proteolytic degradation, (v) improved physical 
and chemical stability, such as during the coating and drying 
process and upon storage and (vi) signi?cantly improved 
solubility and ability to form stable concentrated solutions 
that facilitate ef?cient coating of microprojections. 

[0093] Applicants have further found that PEGylated pro 
teins have high solubility in physiologic solutions and near 
neutral pH. PEGylated proteins also facilitate solubility in 
the dermis from a coated solid state. 

[0094] According to the invention, the coatings of the 
invention can include at least one “pathWay patency modu 
lator”, such as those disclosed in Co-Pending U.S. applica 
tion Ser. No. 09/950,436, Which is incorporated by reference 
herein in its entirety. As set forth in the noted Co-Pending 
Application, the pathWay patency modulators prevent or 
diminish the skin’s natural healing processes thereby pre 
venting the closure of the pathWays or microslits formed in 
the stratum corneum by the microprojection member array. 
Examples of pathWay patency modulators include, Without 
limitation, osmotic agents (e.g., sodium chloride), and ZWit 
terionic compounds (e.g., amino acids). 

[0095] The term “pathWay patency modulator”, as de?ned 
in the Co-Pending Application, further includes anti-in?am 
matory agents, such as betamethasone 21-phosphate diso 
dium salt, triamcinolone acetonide 21-disodium phosphate, 
hydrocortamate hydrochloride, hydrocortisone 21-phos 
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phate disodium salt, methylprednisolone 21-phosphate diso 
dium salt, methylprednisolone 21-succinaate sodium salt, 
paramethasone disodium phosphate and prednisolone 
21-succinate sodium salt, and anticoagulants, such as citric 
acid, citrate salts (e.g., sodium citrate), dextrin sulfate 
sodium, aspirin and EDTA. 

[0096] The coatings of the invention can further include a 
vasoconstrictor to control bleeding during and after appli 
cation on the microprojection member. Preferred vasocon 
strictors include, but are not limited to, amidephrine, caf 
aminol, cyclopentamine, deoxyepinephrine, epinephrine, 
felypressin, indanaZoline, metiZoline, midodrine, naphaZo 
line, nordefrin, octodrine, ornipressin, oxymethaZoline, phe 
nylephrine, phenylethanolamine, phenylpropanolamine, 
propylhexedrine, pseudoephedrine, tetrahydroZoline, trama 
Zoline, tuaminoheptane, tymaZoline, vasopressin, xylometa 
Zoline and the mixtures thereof. The most preferred vaso 
constrictors include epinephrine, naphaZoline, 
tetrahydroZoline indanaZoline, metiZoline, tramaZoline, 
tymaZoline, oxymetaZoline and xylometaZoline. 

[0097] Other formulation additives, such as stabilizers and 
excipients knoWn in the art, can also be added to the coating 
solution as long as they do not adversely affect the necessary 
solubility and viscosity characteristics of the coating solu 
tion and the physical integrity of the dried coating. 

[0098] In all cases, after a coating has been applied, the 
coating solution is dried onto the microprojections 10 by 
various means. In a preferred embodiment of the invention, 
the coated member 5 is dried in ambient room conditions. 
HoWever, various temperatures and humidity levels can be 
used to dry the coating solution onto the microprojections. 
Additionally, the coated member 5 can be heated, lyo 
philiZed, freeZe dried or similar techniques used to remove 
the Water from the coating. 

[0099] Referring noW to FIGS. 6 and 7, for storage and 
application, the microprojection member 5 is preferably 
suspended in a retainer ring 40 by adhesive tabs 6, as 
described in detail in Co-Pending US. application Ser. No. 
09/976,762 (Pub. No. 2002/0091357), Which is incorporated 
by reference herein in its entirety. 

[0100] After placement of the microprojection member 5 
in the retainer ring 40, the microprojection member 5 is 
applied to the patient’s skin. Preferably, the microprojection 
member 5 is applied to the skin using an impact applicator, 
such as disclosed in Co-Pending U.S. application Ser. No. 
09/976,798, Which is incorporated by reference herein in its 
entirety. 
[0101] As Will be appreciated by one having ordinary skill 
in the art, the present invention can also be employed With 
the transdermal drug delivery system and apparatus dis 
closed in Co-Pending Application No. 60/514,433. 

[0102] As Will also be appreciated by one having ordinary 
skill in the art, the present invention can similarly be 
employed in conjunction With a Wide variety of electrotrans 
port systems, as the invention is not limited in any Way in 
this regard. Illustrative electrotransport drug delivery sys 
tems are disclosed in US. Pat. Nos. 5,147,296, 5,080,646, 
5,169,382 and 5,169383, the disclosures of Which are incor 
porated by reference herein in their entirety. 

[0103] The term “electrotransport” refers, in general, to 
the passage of a bene?cial agent, e.g., an agent or agent 
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precursor, through a body surface such as skin, mucous 
membranes, nails, and the like. The transport of the agent is 
induced or enhanced by the application of an electrical 
potential, Which results in the application of electric current, 
Which delivers or enhances delivery of the agent, or, for 
“reverse” electrotransport, samples or enhances sampling of 
the agent. The electrotransport of the agents into or out of the 
human body may by attained in various manners. 

[0104] One Widely used electrotransport process, ionto 
photesis, involves the electrically induced transport of 
charged ions. Electroosmosis, another type of electrotrans 
port process involved in the transdermal transport of 
uncharged or neutrally charged molecules (e.g., transdermal 
sampling of glucose), involves the movement of a solvent 
With the agent through a membrane under the in?uence of an 
electric ?eld. Electroporation, still another type of elec 
trotransport, involves the passage of an agent through pores 
formed by applying an electrical pulse, a high voltage pulse, 
to a membrane. 

[0105] In many instances, more than one of the noted 
processes may be occurring simultaneously to different 
extents. Accordingly, the term “electrotransport” is given 
herein its broadest possible interpretation, to include the 
electrically induced or enhanced transport of at least one 
charged or uncharged agent, or mixtures thereof, regardless 
of the speci?c mechanism(s) by Which the agent is actually 
being transported. 
[0106] From the foregoing description, one of ordinary 
skill in the art can easily ascertain that the present invention, 
among other things, provides an effective and ef?cient 
means for extending the transdermal delivery of biologically 
active agents to a patient. 

[0107] As Will be appreciated by one having ordinary skill 
in the art, the present invention provides many advantages, 
such as: 

[0108] Transdermal delivery of polymer conjugates 
of therapeutic peptides and proteins 

[0109] Extended delivery pro?les of biologically 
active agents. 

[0110] The use of PEGylated proteins instead of unmodi 
?ed, native, proteins provides many additional advantages, 
including: 

[0111] Extension of activity duration in vivo 

[0112] Reduction of immunogencity and antigenicity 

[0113] Reduction in aggregate formation 

[0114] Increased resistance to proteolytic degrada 
tion 

[0115] Improved solubility for coating 

[0116] Improved solubility in the skin and uptake 
into circulation 

[0117] Improved physical and chemical stability in 
solution and solid state 

[0118] Improved ability to form highly concentrated 
(above 2%, and typically betWeen 5-25%) polypep 
tide solutions that facilitate ef?cient coating of 
microprojections 
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[0119] Protection during the coating process (eg; 
shear, air-Water interfaces) 

[0120] Without departing from the spirit and scope of this 
invention, one of ordinary skill can make various changes 
and modi?cations to the invention to adapt it to various 
usages and conditions. As such, these changes and modi? 
cations are properly, equitably, and intended to be, Within the 
full range of equivalence of the folloWing claims. 

What is claimed is: 
1. An apparatus for transdermally delivering a biologi 

cally active agent to a patient comprising a microprojection 
member including a plurality of stratum corneum-piercing 
microprojections having a biocompatible coating disposed 
thereon, said biocompatible coating including a biologically 
active agent selected from the group consisting of peptide 
and protein conjugates. 

2. The apparatus of claim 1, Wherein said peptide and 
protein are conjugated to a polymer selected from the group 
consisting of polyethyleneglycol, polyvinylpyrrolidone, 
polyvinylmethylether, polymethyloXaZoline, polyethyloX 
aZoline, polyhydroXypropyloXaZoline, polyhydroXypropyl 
methacrylamide, polymethacrylamide, polydinethyl-acryla 
mide, polyhydroXypropylmethacrylate, 
polyhydroXyethylacrylate, hydroXymethylcellulose, 
hydroXyethylcellulose, polyethyleneglycol, polyasparta 
mide, copolymers thereof, and polyethyleneoXide-polypro 
pylene oxide. 

3. The apparatus of claim 1, Wherein each of said micro 
projections has a length of less than 1000 microns. 

4. The apparatus of claim 3, Wherein each of said micro 
projections has a length of less than 300 microns. 

5. The apparatus of claim 4, Wherein each of said micro 
projections has a length less than 250 microns. 

6. The apparatus of claim 1, Wherein said biocompatible 
coating further comprises a vasoconstrictor. 

7. The apparatus of claim 1, Wherein said biocompatible 
coating has a thickness less than approximately 50 microns. 

8. The apparatus of claim 1, Wherein said biocompatible 
coating has a thickness less than approximately 25 microns. 

9. The apparatus of claim 1, further comprising an appli 
cator having a contacting surface, 1 Wherein said micro 
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projection member is releasably mounted on said applicator 
by a retainer and Wherein said applicator, once activated, 
brings said contacting surface into contact With said micro 
projection member in such a manner that said microprojec 
tion member can strike a stratum comeum of a patient With 
a poWer of at least 0.05 joules per cm2 of microprojection 
member in 10 milliseconds or less. 

10. A method for transdermally delivering a biologically 
active agent to a patient, comprising the steps of: 

providing a microprojection member having a plurality of 
microprojections that are adapted to pierce said 
patient’s stratum comeum; 

coating said microprojection member With a coating for 
mulation having said biologically active agent to form 
a biocompatible coating, Wherein said biologically 
active agent is selected from the group consisting of 
peptide and protein conjugates; and 

applying said microprojection member to said patient’s 
skin, Whereby said microprojection members pierce 
said stratum comeum and deliver said biologically 
active agent. 

11. The method of claim 10, Wherein said step of coating 
said microprojection member comprises immersing said 
microprojections in said coating formulation. 

12. The method of claim 10, Wherein said step of coating 
said microprojection member comprises spraying said coat 
ing formulation onto said microprojections. 

13. The method of claim 10, further comprising the steps 
of: 

providing an applicator having a contacting surface, 
Wherein said microprojection member is releasably 
mounted on said applicator by a retainer; and activating 
said applicator to bring said contacting surface into 
contact With said microprojection member in such a 
manner that said microprojection member strikes said 
stratum comeum. 


